Introduction
The nutritional status of hemodialysis (HD) patients affects their quality of life and survival [1] [2] [3] [4] [5] . Change in skeletal muscle mass (MM) is an important index of nutritional status [6] [7] [8] . Gold standard techniques, such as magnetic resonance imaging (MRI), dual-energy X-ray absorptiometry and body potassium ( 40 K), are available to estimate body composition. Total body potassium (TBK) has been used to indicate body cell mass [9, 10] . A recent study described a technique for measuring partial body potassium in the arm (PBK Arm ) and correlated this to TBK [11] . However, these techniques are impractical for use in dialysis patients because of cost and inconvenience.
Bioimpedance spectroscopy (BIS) is a noninvasive and inexpensive method which has been widely used in the study of body fluid and body composition [12] [13] [14] [15] [16] . The current standard method uses a wrist to ankle, the so called whole body BIS (wBIS) approach, to measure elements of body composition. The advantage of wBIS is simplicity of operation and high reproducibility. However, the ratio of the cross-sectional area and the length of segments of the limbs and the trunk are so disparate that application of a cylindrical model to obtain an accurate assessment of body composition is unsatisfactory.
Segmental bioimpedance measurement (SBIS) has been proposed to overcome this weakness of wBIS [17, 18] . Recently, the sum of SBIS has been developed to measure the arm, trunk and leg fluid volumes and skeletal MM [13, 19] . The current question is whether we can apply the measurement of arm bioimpedance to predict total body muscle and fat for clinical applications. It is possible to estimate total body composition, muscle or fat mass, by using one of the limbs such as the arm or leg because the human body is highly symmetrical in its components so that total body composition, muscle and fat mass, can be derived [20, 21] . Measurements made using the arm would be more convenient than the leg or whole body for dialysis patients if accuracy was similar. The aims of this study were to establish models in dialysis patients using arm and whole body BIS and to evaluate the models by comparing with MRI and 40 K.
Subjects and Methods

Subjects
Thirty-one stable African-American HD patients, 17 male and 14 female, weight 55.7 8 4.5 kg, BMI 27.6 8 5.5, were studied before a HD treatment. The study protocol was approved by the Institutional Review Board of Beth Israel Medical Center. All patients gave informed consent to the study.
Measurements
MRI
MRI was performed using a 1.5 Tesla scanner (6X Horizon; General Electric, Milwaukee, Wisc., USA). All MRI scans were segmented into components using image analysis software (Tomovision, Montreal, Que., Canada). The MRI protocol included the acquisition of 40 axial images of 10-mm thickness at 40-mm intervals [22] . Skeletal muscle mass (MM MRI ) and subcutaneous adipose tissue (SAT) were calculated with MRI data [22, 23] . 40 K A natural radioisotope of potassium, 40 K, was used to estimate TBK using a whole body counter [19, 22] , and PBK Arm [11] using the nondialysis access arm. TBK and PBK Arm were measured in the Body Composition Laboratory (St. Luke's-Roosevelt Hospital, New York, N.Y., USA) [22] . It should be noted that the length of arm inserted into the 40 K counter was not exactly the same length of the arm BIS measurement due to the limitation of geometrical size in the 40 K counter. If a patient's arm was longer than the size of the 40 K counter, the whole arm could not be measured.
SBIS
Measurement of BIS in the arm and whole body were performed at the same time using a multi-frequency bioimpedance spectroscopic device (Xitron 4200; Xitron Technologies Inc., San Diego, Calif., USA). For the arm measurement, four electrodes, two for injecting current (on the dorsum of the hand and the acromion) and two for measuring voltage (on the dorsum of wrist and greater tubercle), were placed on the nondialysis side. The whole body measurement was performed with the standard wrist to ankle technique [24] . The range of injecting current frequencies was from 5 kHz to 1 MHz. Extracellular (Re) and intracellular resistance (Ri) were obtained in the arm and wrist to ankle using the Xitron program based on the Cole-Cole model [24] . Extracellular (ECVa) and intracellular volumes (ICVa) in the arm were calculated according to the arm Re and Ri [19] . Total arm fluid volume (TAV BIS ), calculated by SBIS, was defined by TAV BIS = ECVa + ICVa.
Anthropometric Measurements
The length of the arm was defined as the distance between two measurement electrodes. The maximal and minimal circumferences of the arm were measured with 0.1 cm accuracy using a soft tape. Body height and weight were measured using an electronic scale and a wall-mounted stadiometer.
Arm Volume Calculation Total geometric volume (V G ) in the arm was calculated using the length and cross-sectional area of arm by anthropometric measurements as follows:
where C min and C max are the minimal and maximal circumferences, and L is the length of the arm. Fat-free mass (FFM) in the arm was calculated with the equation:
where k = 0.75 and 0.80 are assuming constants for male and female patients, respectively, as described previously [19] . Arm SAT estimated by arm BIS (SAT BIS ) was calculated with:
Data Analysis Data are presented as mean 8 SD. Linear regression analysis was performed to study the correlation between the values measured by the BIS, MRI and 40 K. Regression models were fitted with the resistances and volumes in the arm and whole body BIS plus the body mass, height and length of the arm using the program SYSTAT (Systat Software Inc., Chicago, Ill., USA). Bland-Altman analysis was used to identify the agreement between the values by gold standard and by the models. Comparison of differences in the values of measurements between groups was performed by t test using GraphPad Prism 4 (Graphpad Inc., San Diego, Calif., USA). A significant difference was considered to be p ! 0.05.
Results
All measurement data are summarized by gender in table 1 . Males have significantly higher arm TAV BIS , ECV a , ICV a , FFM Arm , V G and body height than females but insignificant differences in body mass. Table 2 shows the comparison of gold standard methods with the estimation by the BIS models in the arm and whole body. The arm, TBK and MM MRI were significantly higher, but SAT MRI was lower in the males than in the females. Measurements with both arm and whole body techniques of total body MM and SAT did not differ between gold standard and BIS estimations.
The arm BIS model for estimation of whole body MM with the model including arm length (L), Re, Ri, body mass (BM), height (H) and age is as follows:
Whole body SAT was estimated by the arm BIS model by equation 5.
The correlation (r 2 = 0.925, standard error of estimate (SEE) = 3.6) and agreement with Bland-Altman analysis (bias -0.205 with the range from -6.26 to 5.85) between gold standard and estimation with equation 5 are shown in figure 2 .
The whole-body BIS model to estimate whole body MM is shown in equation 6 and the model to estimate SAT is shown in equation 7. 
Discussion
This study shows that total body MM and SAT can be estimated using BIS models for the arm and for the whole body when compared to gold standard techniques MRI ( fig. 1-4 ) [25] . Results were similar using the whole body and the arm models, but the arm method was more convenient and might be useful in the future to monitor subjects for evaluating the nutritional status in dialysis patients. In addition, the arm technique could have particular value where the lower limbs are not available for electrode placement.
MRI and SBIS
Values of total body MM and SAT were similar between by MRI and by the arm BIS models. Although the accuracy of arm BIS models was similar to the whole body model, the arm measurement provides a special technique to monitor body composition for those who need to move their legs such as using a stationary bicycle. The correlation between arm MM MRI (r 2 = 0.78) or SAT MRI (r 2 = 0.8) and TAV BIS (ECVa + ICVa) was relatively lower than the correlation between the arm BIS model and total body MM MRI (r 2 = 0.84) or SAT MRI (r 2 = 0.93) ( fig. 1 , 2 , 5 , 6 ). This can be explained by the inaccuracy of arm measurement by MRI because HD patients cannot strengthen their arms during the measurement. The accuracy and precision could be affected by the overhydration state of HD patients. In this study, the measurements were taken predialyticly so that the patients were in various degrees of overhydration. Since MM contains body extracellular and intracellular fluid, the accuracy of estimation with MRI is affected because the imaging of cross-sectional areas by MRI cannot separately determine extracellular and intracellular fluid volumes. On the other hand, accuracy of the ICV calculation is also limited by current BIS equations [26] .
K and SBIS
40 K provides information of body cell mass in arm segments and in the total body which relates to energy production and creatinine generation [27] . Decrease in TBK has been associated with a significantly increased mortality of dialysis patients [28] . The correlation between TAV BIS and TBK was r 2 = 0.77, so that it is possible to use the value of TAV BIS to predict total body cell mass with the arm SBIS method within an acceptable margin of errors. Although the value of PBK Arm representing cell mass in the arm could be helpful in the calibration of ICV in the arm with BIS, the correlation ( fig. 5 ) between PBK Arm and TAV BIS (PBK Arm = 2.6 ؒ TAV BIS + 1.6, r 2 = 0.62) must be improved in order to obtain adequate precision for clinical use. The current somewhat poor results can be explained by differences in the length of arm inserted into the 40 K counter and that used for the arm BIS and PBK Arm . Accuracy can be improved in the future by calibration of the arm length using an affixed marker when performing the measurements.
Although whole body and sum of segmental bioimpedance provide considerable accuracy for total body composition estimation, the techniques require subjects to be kept in a supine body position and this may not be convenient for monitoring the patient in dialysis. From a technical point of view, the quality of bioimpedance signals could be improved by using the arm method because the length of electrode cables can be reduced. In addition, there is considerable body fluid shift from the leg to trunk with a change in the body position from standing to supine during measurement with the whole body bioimpedance method [29] . This redistribution of fluid volume from limbs to trunk can produce a substantial variability in bioimpedance data and significantly reduce the precision of whole body measurements [30] . However, with the arm method there is no change in the fluid volume during the measurement so that the precision and accuracy can be fundamentally improved. The usefulness of arm BIS depends on its clinical application, e.g. to evaluate change in MM after nutritional or other interventions. It is an advantage if the arm SBIS can be used to monitor changes in body composition status simply, quickly and reproducibly.
Conclusions
The arm segmental bioimpedance approach provides an inexpensive and noninvasive technique for the evaluation of body composition and nutritional status in dialysis patients. The results indicate that the total body MM and SAT can be estimated using the measurement of bioimpedance in the arm. This method could have application in assessing nutritional status in HD patients. Measurement of MM with the calculation of creatinine generation could improve the formulae for the calculation of GFR using serum creatinine. The arm method may have particular advantage over the whole body technique in some applications.
